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mate Change (LVI-IPCC) methods. Data were collected from a representative of 357 sample households across three
agroecological zones using a mixture of participatory methods.

Results: Results suggested that although there was difference in components relative value across agroecological zones,
the overall LVI indicate that Sodo woreda (District) which is found in the lowland agroecological zone was more vul-
nerable to climate variability and change. This study found that vulnerability differences were attributable to varia-
tions in household characteristics, lack of access to infrastructure, low level of livelihood diversification, and lack of
available technologies.

Conclusions: Therefore, this study calls for stakeholders to prepare context-specific intervention to reduce smallholder
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farmer's vulnerability to climate variability and change and strengthen the adaptive capacity of farm households.

1. Introduction

Climate change and related extreme events are negatively affecting ag-
ricultural production where millions of smallholder farmers depend up on
it. The risk of food insecurity is greater nowadays in developing countries
because livelihoods are more exposed and vulnerable to climate change
[1]. Climate change is a global phenomenon which indiscriminately affects
all sectors of the economy and all social groups. However, the level of vul-
nerability of a system, household, and location is differentiated dictated by
environmental and socioeconomic factors [2,3]. Understanding the vulner-
ability of livelihood systems of poor people in the context of wider transfor-
mational shifts — social and political as well as biophysical — must now be
seen as a normative priority [4].

Empirical findings (e.g. [5-71) indicate that Africa's climate is already
changing and the impacts are already being felt by communities across
the continent. In sub-Saharan Africa, extreme events like drought already
impede people's ability to grow crop and rear livestock [8,9]. This is mainly
because of Africa's poor socio-economic development status and which in
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turn affects the continent's aspiration towards sustainable development
goals [5,10-12].

Projected climate change in Ethiopia is expected to result in increased
variability in precipitation and in an increase in temperature (1.1 to 3.1
°C by 2060 and 1.5 to 5.1 °C by 2090) with associated increases in the fre-
quency and intensity of extreme events like drought and flood [13]. These
trends of increasing temperature, decreasing precipitation and the increas-
ing frequency of extreme events are predicted to continue in the future in
the tropics of Africa where Ethiopia is located [14,15].

Ethiopia is an agro-based economy where agriculture contributes 45%
to the gross domestic product (GDP). Agriculture sector is a source of live-
lihood for more than 80% of the population. Despite its significant share
of the overall economy, agriculture is predominantly rain-fed and as such
vulnerable to climate change and extremes events [16]. For example, the
major drought in 2002-3 resulted in a drop in food production by 26%
[17]. Moreover, due to population growth and traditional agricultural prac-
tice there is pressure for natural resource which is likely to lead to defores-
tation and land degradation [18].

Different vulnerability assessments have been used to analyze climate
vulnerability and its interplay with livelihood security which is required
to identify and implement climate resilience interventions [19]. However,
despite some research work on vulnerability to climate change, little
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empirical evidence exists on level of vulnerability to climate change at
household and community level so far in Ethiopia in general and Gurage
zone in particular. Previous studies on vulnerability to climate change in
Ethiopia have mostly been macro-level studies. For example, a study by
Deressa, Hassan, & Ringler [20] measured Ethiopian farmers' vulnerability
to climate change across regional states using national aggregates data.
Only a few studies have focused on measuring smallholder farmer's vulner-
ability to climate change at household and community level. Teshome [21]
assessed agricultural land vulnerability to climate change at household
level in Northwest Ethiopia. Similarly, Simane, Zaitchik, and Foltz [22]
conduct a study on agroecosystem specific climate vulnerability in Choke
Mountain.

Macro-level studies elsewhere in the country do not necessarily reflect
the exposure of households or communities, nor do they capture in detail
how households perceive or respond to shocks and stress. Vulnerability as-
sessments relying on aggregate data could mask significant local-level var-
iability and which might have directed to intervention failure [23,24].
Thus, local-based studies help to understand the role of context specific fac-
tors [25] which must be accounted for if associated interventions are to
benefit vulnerable groups. Moreover, place based studies helps to address
the challenges in the development of consistent factors or standard metrics
that can be used to evaluate the resilience of communities to climate vulner-
ability and change. It is imperative to understand the vulnerability of natu-
ral resource-dependent households to climate variability and change at
local level and fills the gap in the literature.

Thus, this study examined the vulnerability of farm households to cli-
mate variability and change in different agroecological zones of Gurage
Zone.

Map of Ethiopia
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2. Methodology of the study
2.1. Description of the study area

Gurage zone has a land size of about 5932 km? and consists 15 woredas
[26] (Fig. 1).

Rain-fed agriculture is the main economic activity in the study zone.
Gurage zone has two relatively discrete rainy seasons. Crops are primar-
ily dependent on the summer (June to September) locally called Kirmit
season, but spring season (February to April) locally called Belg season
is also important for agricultural activity. The main food crops are
enset (Enset ventricosum), barley, pulses, wheat and potatoes. Topo-
graphically the zone lies within an elevation ranging from 1000 to
3600 m above sea level. The annual average temperature of the zone
ranges from 13 °C to 30 °C and the mean annual rainfall rages from
600 to 1600 mm. Considering the land utilization, 52% of the total
area is agricultural land, 13 0.4% is a grazing land, 9.9% is a natural
and man-made forest land, 7.3% unproductive land and other activities
covered the remaining 17.6%.

Gurage zone has three agroecological zones:

The Gurage Lowland zone (Locally called Kola): is split into
two separate geographical areas, located in the Eastern and
Western lowlands of Gurage Administrative Zone, and includes
parts of Abeshige and Sodo woredas. The elevation ranges
from 1000 to 1500 m above sea level. Acacia trees and savan-
nah grassland dominate the vegetation of the area. The Eastern
part of the zone falls in the Rift Valley drainage system. Meki
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Fig. 1. Location map of the study zone.
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and Ghibe River and its tributaries (Wabe, Walga, Kulit and
Darge) are the major river. Mixed farming is the main livelihood
source in the area [27].

The Gurage Midland (Locally called Woina-dega): includes parts of
Ezha, Enemor and Ener, Cheha, Endegegn, Mehur Aklil, Kokir and
Meskan woredas. It is located on the Eastern and Western escarp-
ments of the Gurage Mountains. The main cultivation season is de-
pendent on the Kirmit rains and rain-fed agriculture is the main
economic activity. Belg rainfall is also important for agricultural
activities. Enset and Qat are the major food and cash crops,
respectively.

The Gurage Highland Zone (Locally called Dega): covers the highland
parts of Ezha, Enemor and Ener, Sodo, Gumer, and Mehur Aklil
woredas. Crops are primarily dependent on the Kirmit rains, but Belg
rainfall is also important for agricultural activities. The main sources
of income for households in the zone are the sale of crops, migratory
urban employment, local employment (mainly casual agricultural
work), and the sale of livestock [27].

2.2. Sources and methods of data collection

Vital information about the study was gathered from both primary
and secondary data sources. Data presented in this paper were collected
using a mixture of different data collection methods. A specific tool was
used to respond to a series of guiding questions, and, on the opposite, a
specific question was addressed by different methods: this helped par-
ticularly to triangulate information. The data were collected from
March to October 2018. Data were collected from a representative of
357 sample households across three agroecological zones. The question-
naire survey was used to collect a range of information on households'
capital assets, farmers' perception of climate change, and vulnerability
situations. In addition, climatic context-including observations regard-
ing patterns of temperature and rainfall; climate extremes; impacts of
climate change and prevailing uncertainties were asked. Moreover,
twelve Key Informant Interviews (KIIs) and two Focus Group Discus-
sions (FGDs) for each agro-ecologies were carried out to triangulate,
supplement, and enrich the data.

Records of extreme events at woreda level were collected from woreda
Disaster and prevention office. Furthermore, meteorological data for the
nearest station in each woreda were collected from the Ethiopian Meteoro-
logical Agency to analyze temperature and rainfall trends and seasonal var-
iations. The reference period for the meteorological data was between 1983
and 2016.

2.3. Sampling techniques and procedures

A multi-stage sampling method was used in selecting respondents for
the study. In the first stage, the administrative zone (i.e. Gurage Zone)
was stratified purposively into three agro-ecologies namely Highland/
Dega, Midland/Woina-dega and Lowland/Kola in order to measure the ex-
tent of vulnerability to climate change. Then, three woredas from each
agro-ecologies, which can represent the administrative zone, were selected
using simple random sampling technique. In the third stage, since there are
a number of Peasant Associations (PAs) within different agro-ecologies of
the selected woredas, PAs were stratified by agro-ecology and then random
sampling were used to select representative PAs from each selected woreda
based on their agro-ecology characteristics. In the last stage, representative
households for the study were selected by employing simple random sam-
pling technique. Then independent sample size was determined from
each PAs using probability proportional to size (PPS) method to ensure
equal representation of households in expectation of different household
sizes in each PAs based on Israel [28]. The sampling frame for this study
was the list of household heads which was obtained from the PAs. Using
the formula indicated below, the sample household size was determined
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for each woredas and proportionally distributed for each PAs of each
woreda.

N

"TTENE2

where:

n = the sample size the research uses,

N = total number of households in all PAs,

e = maximum variability or margin of error 5% (0.05), and
1 = the probability of the event occurring.

Based on the above formula a total sample size of 357 households were
drawn and proportionally distributed to the six-PAs using the following for-
mula.

. nXxXNi
nt =
SN
where:

n = determined sample size the research uses,
ni = households of the ith PA, and Ni = total households of the ith PA.

As a result, 75, 149 and 133 households from Sodo, Cheha and Ezha
woredas were selected for the study, respectively.

2.4. Methods of data analysis

Both qualitative and quantitative data analysis method were employed
to analyze the collected data. The quantitative data analysis was carried out
using Statistical Package for Social Science (SPSS) 24.0. The baseline house-
hold survey data were used to conduct descriptive analysis of indicators de-
scribing households shock exposure, vulnerability, food security, and
livelihood situation. The qualitative data analysis was used to interpret in-
formation from the FGDs and KIIs to capture contextual information about
vulnerability and it was integrated with quantitative findings to provide a
more comprehensive and contextually-specific picture of livelihood vulner-
ability at the local level.

2.4.1. Calculating the Livelihood Vulnerability Index

This study adapts the method used in Hahn et al. [19] and Mohan and
Sinha [29] to calculate household livelihood vulnerability. The method is a
balanced weighted average approach where each subcomponent contributes
equally to the overall index even though each major component of different
livelihood assets includes a different number of sub-components [30].

First, the indicators were standardized to an index by an equation:
IndexS, = _Sa= Smin_ (1)

Smax - Smin

After standardizing each indicator, the sub-components were averaged
using Eq. (2) to calculate the value of each major component.

> IndexSy;
n

My = (2)

where Md = one of the seven major components for the woredas' socio-
demographic (S), health (H), food (F), livelihood strategies (L) water (W),
social network (SN), and natural disasters and climate variability (C);
index represents the sub-components, indexed by i, and n is the number
of sub-components in each major component.

Once values for each of the seven major components for a district calcu-
lated, they were averaged using Eq. (3) to obtain the woreda-level

7
LV]d _ Zi:l sz Mdz (3)

22:1 Wi
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2.4.1.1. Expanded form.

Vi — WsSq+WyHy + WgFg+ WiLy +WyWg + WenSNg + WeCy (4)
d WSJrWh+Wf+W]+Ww+Wxn+WV

where LVI, the LVI for the woredas, equals the weighted average of the
seven major components. The weights of each major component, WMi,
were determined by the number of sub-components. In this study, the LVI
is scaled from O (least vulnerable) to 0.5 (most vulnerable). This analysis
was done by using SPSS-24 and MS-excel work sheet.

2.4.1.2. IPCC.
N W My

CFd _ Z,:]n mi di (5)
et Wi

LVI—IPCCd =e€q—daq * Sq (6)

On the bases of the analytical framework, vulnerability indicators and
measurements were identified and operationalized. Measurable indicators
are identified from observations and climate change adaptation and disas-
ter risk reduction literatures as presented as follows (Table 1).

Table 1
Vulnerability indicators and unit of measurements.
Main component Sub-components Unit of
measurements
Socio-demographic Dependency ratio in the sample Ratio
profile %of female headed household %

% of HH heads who has not attended school ~ %
Average years of farming experience 1/years

Health Average time to nearest health center min
% of HHs reported at least one chronically ill %
member 12 m
Percentage of households without sanitary %
latrine/toilet

Food Average food insufficient months 1/month
% of HHs faced with food shortage %
Average crop diversity index 1/# crops
Percent of households that do not save crops %
in last 12 months

Livelihood strategies ~Average farm land size of the household ha
Percentage of households solely reliant on %
agriculture as the main source of livelihood
income and food
Percentage of households with no solar plates %
for power supply
Percentage of households with family %
members migrated outside communities

Water % of HHs who haven't consistent water supply %
% of HHs utilizing natural water sys %
Average time to water source min

Social network % of household heads who have not been %
head of community in the last 12 months
% of HHs who do not receive any kind of %
support/help from neighbors/relatives
Average distance to nearest market km

Natural disasters and Average no. of drought, flood and frost in the =~ Count
climate variability last 5 years
Mean standard deviation of monthly average ~mm
precipitation 2009-2016
Mean standard deviation of monthly average °C
of average maximum daily temperature
2009-2016
Mean standard deviation of monthly average °C
of average minimum daily temperature
2009-2016
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3. Results and discussion
3.1. Households' Livelihood Vulnerability Index

The results revealed that the livelihood vulnerability indices of the zone
across different agro-ecologies ranged from 0.35 to 0.38. Smallholder
farmers in Sodo woreda were found to be slightly more vulnerable to cli-
mate change than Ezha and Cheha woredas as measured by LVI, although
the value of different components across the three agro-ecologies were
different.

The different indices being relative values were compared across three
agro-ecologies (Table 2).

Ezha showed greater vulnerable in terms of the socio-demographic pro-
file, with a weighted average score of 0.35, followed by Cheha 0.3 and Sodo
0.3. The dependency ratio index was higher for Ezha than Sodo and Cheha
woredas. Ezha woreda showed greater vulnerability (0.61) based on the
percentage of household heads with no basic education than Cheha
(0.52) and Sodo (0.37). Illiteracy hinder farmers' access to information, es-
pecially from written sources, thereby increasing their vulnerability to cli-
matic stresses [31]. The study also showed Cheha woreda was less
vulnerable (0.36) on years of farming experience than Sodo and Ezha
woredas. Furthermore, approximately 14.7%, 12% and 10.1% of house-
hold heads in Sodo, Ezha and Cheha woredas were female-headed house-
holds, respectively.

Based on overall health vulnerability score, Ezha was more vulnera-
ble with a weighted average score of 0.33, whereas Cheha woreda
(0.23) showed less vulnerability. Ezha had greater vulnerability (0.46)
for the average time a household took to reach a health facility than
Cheha (0.4) and Sodo (0.45). Vulnerabilities to climate variability and
change are in some cases also exacerbated by a lack of education and
healthcare facilities, leading to economic impediments with long-term
effects (J. [32]). Access to toilet was 79% in Cheha, 67% in Sodo and
57% in Ezha. Cheha showed less vulnerability (0.08) with respect to a
household with family members with chronic illness than Sodo (0.09)
and Ezha (0.1).

The study revealed that Sodo woreda was found to be the more vulner-
able for the food component (0.47), whereas Cheha (0.35) and Ezha (0.33).
Households in Sodo reported that, on average, 4 months per year they had
struggled to provide adequate food for their families, which is higher than
Ezha (3.57 month) and Cheha (3 month) per year. Farmers reported that
the difficult periods for obtaining food occurred during the off-seasons
and during inter-cultivation periods. About 40% of the households in
Sodo woreda reported food insecurity while 36% for Cheha and 30% for
Ezha. The extent to which climate change affect people's food security situ-
ation depends on their degree of exposure to climate shocks and vulnerabil-
ity to these shocks [1]. The average crop diversity index showed that almost
Cheha and Ezha woredas were similar and Sodo woreda scores average
0.43. 73% of households in Sodo reported they didn't save crops which is
higher than Cheha (56%) and Ezha (48%).

Based on the weighted average score for the livelihood strategies com-
ponent of LVI, both Cheha and Sodo showed greater vulnerability (0.43)
than Cheha (0.41). Sodo woreda showed a greater vulnerability based on
the percentage of households with family members migrated outside com-
munities than Ezha and Cheha. Moreover, about 78% of the households in
Cheha woreda dependent only on agriculture as a source of livelihood
whiles 73% for Ezha and 65% for Sodo woredas. This implies that house-
holds in Sodo practiced slightly diversified livelihood activities compared
with Ezha and Cheha woredas. Even though other research findings suggest
that the fewer agricultural activities a household engages in, the more vul-
nerable it is to climatic stress [31], however, this research work pinpoint
out that livelihood diversification is not a guarantee to reduce livelihood
vulnerability. This was due to the fact that cross-cutting factors like access
to credit, market and availability of technology influence the whole liveli-
hoods system. Additionally, livelihoods are affected differently by various
climate shocks and stressors, depending on the types of livelihoods and
their ability to withstand impacts of extreme events [33].
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Table 2
Indexed sub-components, major components, and overall LVI.
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Main component Sub-components

Units Sodo/lowland Cheha/midland Ezha/highland

Actual Standardized Actual Standardized Actual Standardized

value value value
Socio-demographic profile Dependency ratio in the sample Ratio 53.67 0.268 43.7 0.218 55.23 0.276
%of female headed household % 14.7 0.15 10.1 0.1 12 0.12
% of HH heads who has not attended school % 37 0.37 52 0.52 61.3 0.61
Average years of farming experience 1/years 24.6 0.4 28.5 0.36 28.2 0.38
Weighted average score (st. dev.) 0.3 0.3 0.35
Health Average time to nearest health center min 30 0.45 30 0.4 35 0.46
% of HHs reported at least one chronically ill member 12 m % 9.3 0.09 8.7 0.08 10.5 0.1
Percentage of households without sanitary latrine/toilet % 33 0.33 21 0.21 43 0.43
Weighted average score (st. dev.) 0.29 0.23 0.33
Food Average food insufficient months 1/month 4 0.43 3 0.25 3.57 0.3
% of HHs faced with food shortage % 40 0.40 36 0.36 30.1 0.3
Average crop diversity index 1/# 2.3 0.43 1.78 0.26 1.75 0.25
crops
Percent of households that do not save crops in last 12 months % 63 0.63 56 0.56 48 0.48
Weighted average score (st. dev.) 0.47 0.35 0.33
Livelihood strategies Average farm land size of the household ha 2.5 0.1 1 0.23 0.88 0.19
Percentage of households solely reliant on agriculture as the main % 65.3 0.65 77.9 0.78 7297 0.73
source of livelihood income and food
Percentage of households with no solar plates for power supply 73.1 0.73 58.1 0.58 54.4 0.54
Percentage of households with family members migrated outside 17.3 0.17 12.1 0.12 10.5 0.1
communities
Weighted average score (st. dev.) 0.41 0.43 0.39
Water % of HHs who haven't consistent water supply % 61.3 0.61 36.2 0.36 44.3 0.44
% of HHs utilizing natural water sys % 31.3 0.31 32.2 0.32 29.7 0.29
Average time to water source min 60 0.47 30 0.31 25 0.37
Weighted average score (st. dev.) 0.46 0.33 0.37
Social network % of household heads who have not been head of community in the % 81.3 0.81 83.2 0.83 88 0.88
last 12 months
% of HHs who do not receive any kind of support/help from % 32 0.32 25.1 0.25 33.2 0.33
neighbors/relatives
Average distance to nearest market km 6 0.21 4.5 0.18 5 0.25
Weighted average score (st. dev.) 0.45 0.42 0.49
Natural disasters and Average no. of drought, flood and frost in the last 5 years Count 5 0.45 3 0.27 7 0.63
climate variability Mean standard deviation of monthly average precipitation mm 48 0.367 50.05 0.38 47.13  0.37
2009-2016
Mean standard deviation of monthly average of average maximum °C 1.32 0.41 0.85 0.49 0.83 0.34
daily temperature 2009-2016
Mean standard deviation of monthly average of average minimum °C 1.6 0.24 1.12 0.5 0.96 0.29
daily temperature 2009-2016
Weighted average score (st. dev.) 0.36 0.41 0.41
Livelihood Vulnerability 0.390 0.356 0.379

Index

NB: The LVI is on a scale from 0 (least vulnerable) to 0.5 (most vulnerable).

Water vulnerability in rural area is mainly caused when agriculture
sector is highly dependent on water sources and the existing infrastruc-
ture is poor [34]. However, due to lack of irrigation facility in the se-
lected study areas, this study considered only water availability for
domestic purpose in the water component of vulnerability. The water
component of the LVI showed that Sodo woreda was more vulnerable
(0.46) than Ezha (0.37) and Cheha (0.33) woredas. Almost there was a
similar finding between households who depend more on natural
water source for household purpose. The average time taken to get a
water source was higher in Sodo woreda (around 1 h) than in Cheha
(30 min) and Ezha (25 min). In addition, percentage of households
who did not have a consistent water supply higher in Sodo (61.3%)
woreda compared to Ezha (44.3%) and Cheha (36.2%) woredas. The
majority of the households in all three study areas reported that there
was a shortage in availability of pipe and bore holes. Many respondents
from Sodo woreda mentioned that natural springs, and other natural
water sources have dried up during the dry season. Moreover, they men-
tioned the availability of water in the source is also inconsistent.

In terms of social network component of LVI, Ezha woreda (0.49) was
more vulnerable than Sodo (0.45) and Cheha (0.42). 81.3% of the house-
holds in Sodo and 83.2% in Cheha and 88% in Ezha reported that they
have not taken any administrative position within their community. In
terms of help from others, the finding showed that 75% in Cheha

households had received support/help from their neighbors/relatives,
which is higher than Sodo and Ezha. Well developed and organized social
networks are important for reducing household and community vulnerabil-
ity to climate change [35]. Farmers in Sodo reported an average travelling
distance of 6 km to the nearest market, whereas for Ezha (5 km) and Cheha
(4.5 km).

Ezha and Cheha woredas had the highest vulnerability in terms of the
natural hazard component of LVI. Ezha woreda recorded greater vulnera-
bility to the average number of natural hazard events. The mean standard
deviation of monthly average minimum and maximum daily temperatures
in the 8-year period, with 0.24 and 0.41 for Sodo, with 0.5 and 0.49 for
Cheha and with 0.29 and 0.34 for Ezha respectively. Indices recorded for
the mean standard deviation of monthly average precipitation were 50.05
for Cheha, 48 for Sodo and 47.13 for Ezha (Fig. 2).

Overall LVI for Sodo was (0.39), Cheha (0.356) and Ezha (0.379), indi-
cating relative vulnerability of these different areas to climate change.

3.1.1. LVI-IPCC

The LVI-IPCC analysis result showed (LVI-IPCC: Sodo —0.008, Cheha
0.043 and Ezha 0.029) (Table 3).

Fig. 3 shows a vulnerability triangle, which plots the contributing factor
scores for exposure, adaptive capacity, and sensitivity. The triangle illus-
trates that Ezha woreda may be more exposed (0.32) to climate change
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Vulnerability Spider Diagram of the Major Components of the
Livelihood Vulnerability Index
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Fig. 2. Vulnerability spider diagram of the major components of the LVI for Gurage Zone.

impacts than Sodo and Ezha. However, Sodo woreda may be more sensitive
to climate change impacts than Ezha and Cheha. Based on demographics,
livelihoods, and social networks, Sodo showed a relative higher adaptive
capacity.

Table 3

LVI-IPCC contributing factors calculation for Gurage Zone.
IPCC contributing factors to vulnerability Sodo Cheha Ezha
Exposure 0.36 0.41 0.4
Adaptive capacity 0.38 0.3 0.34
Sensitivity 0.41 0.396 0.42
LVI-IPCC —0.008 0.043 0.029

NB: The LVI-IPCC is on a scale from —1 (least vulnerable) to 1 (most vulnerable).

4. Conclusion and recommendation

The study examined the vulnerability of farm households in three agro-
ecological zones of Gurage Zone using the LVI and LVI-IPCC methods for
assessing relative vulnerability to climate change. Although there is differ-
ence in components relative value across the study areas, the overall LVI in-
dicate that Sodo woreda which is found in the lowland agroecological zone
were more vulnerable.

Livelihood diversification plays a key role in enhancing the resil-
ience of household's livelihood to climate change. This finding also sug-
gests that poorly managed livelihood activities also weakens adaptive
capacities of households and increases their vulnerability. There is
food insecurity in the study areas. The level of vulnerability, however,
varies across households and agroecological zones. Households who
are heavily dependent on natural resources to meet their food and live-
lihood are more affected by climate related events. There is evidence
that climate change related disasters in the study areas weaken social
capital, thereby reducing local community's adaptive capacities. Other
factors like poor infrastructure, land shortage, population growth, lake
of support by government and other concerned bodies were cited by

farmers as source of week social capital in the area. Moreover, this
study found that climate-related disasters contribute to ecosystem deg-
radation, including increased soil erosion, declining rangeland quality,
deforestation and water shortage. Farmers reported that land manage-
ment activities are necessary and crucial for improving natural resource
use and management in the study areas. However, challenges prevail in
terms of selecting suitable technologies and resource allocation which
have likely decreased the efficiency and effectiveness of current natural
resource management practices.

This study concludes that differences in vulnerability to climate
variability and change were attributable to variations in household
characteristics, lack of farm households' access to basic infrastruc-
ture, low level of diversification and lack of available technologies.
Therefore, this study calls for stakeholders to prepare context-
specific intervention to reduce smallholder farmer's vulnerability to
climate change and strengthen the adaptive capacity of smallholder
farmers.
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